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Abstraql

Support of the NOAA-NESDIS Satel I lte Vlcarlous Cal lbratlon effort

requlres the use of alrcraft mounted fleld lnstrumentatlon to conduct hlgh

altlfude measurements of radlance from l{hlte Sands' New Mexlco. Smal I

laboratory spectrometers were adapfed for alrcraft envlronment and modlfled

so that fhelr vlslble wavelength dynamlc range and thelr spectral and

spatlal characterlstlcs ¡rere commensurafe w lth speclf lc satelllte
I nstruments.



I ntroduct I on

The need for current measurements of vlslble travelength uprvel I lng

radlance from the Earthfs surface from a hlgh altltude alrcraft stems from

the questlon of performance sfabll lty of exlstlng NOAA satel I lte

lnstruments. lf the alrcraft and satell lte lnstruments are ldentlcal ln

uJavelength, dynamlc range, and Earth surface footprlnt, then lt becomes

vtable to compare the oufput data of these two lnstruments whlle vlewlng the

same surface area of the Earth along the same vector at the same tlme. The

alrcraft lnstrument provldes cal lbrated surface radlance whlch can be used

to vlcarlously catlbrate the concurrent satelllte surface data. Recently'

three aircraft lnstruments were flown for NOAA ln the NASA Lewls Model 25

Lear Jet* over Whlte Sands, NM, ln support of the NOAA Satelllte lnstrument

Vlcarlous Cal ibratlon effort. Alrcraft overfl lghts of Whlte Sands were also

made at tlmes not colncldent wlth satelllte overpasses. Thts data ls used

to generate an atlas of Whlte Sands radlance.

i
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1980-81 lnstrument Descrlptlon

The 1980-81 fllght serles was made prlmarlly ln support of vlcarlous

cal lbratlon of the vlslble channels of the GOES VISSR lnstrumenf. Durlng

the last few fl lghts of thls serles, some data was recorded ln fhe vlew

vector of the NOAA-AVHRR vlslble channels. lnstrumentaflon conslsted of two

spectrometers mounted slde by slde ln a cradle (flgure 1) f¡tted lnto the

Lear alrcraft lnstrument bay. The N0AA Lear pod plate (flgure 2) conslsted

of two palrs of quarfz wlndows located so that the lnsfruments could vlew

elther the nadlr for the AVHRR, or 50o Írom the nadir for the VISSR. The

alrcraft lnstrumentatlon system ls outllned ln flgure 3. Flgure 4 shows the

lnstrumenfs lnstal led over the Lear alrcraft pod.

The prlmary lnstrument* ls a 1/4 meter focal length Ebert
1

spectrometerr (flgure 5) wlfh a slllcon detector at the exlt sllt. The

gratlng ls ruled at 1200 groove/mm, and blazed at500 nm. Acam-slne bar

mechanlsm, drlven by a 24 volt D.C. motor, ls used to scan the gratlng every

6.0 seconds through the wavelength range of 480 to 960 nm. A photo dlode

system on the cam shaft provldes timlng pulses for data recordlng synchronl-

zatlon. A blocklng fllter ls located ln front of the detector fo absorb all

lncldent radlatlon below 475 nn. The sllts are 5 mm dlameter clrcles whlch

produce a resolvlng power (À/AÀ) of 100 and a I km2 Earth surface footprlnt

at 12.46 km altltude. The system slgnal to nolse ratlo was measured at

20021. The output of the detector post-ampllfler ls fed to bofh the analog

chart recorder and the dlgital data sysfem.

Slgnal output varlatlons of t5Í wll I occur when the scene polarlzatlon

becomes ln or out of phase wlth the lnstrument polarlzatlon, created by the

xFabrlcafed by Research Support lnstrumenfs, lnc.
Cockeysvl I le, Maryland
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gratlng grooves. To correct thls, the scene ls de-polarlzed by placlng a

quartz wedge ln front of the entrance sllf.

The second lnstrument* was a Fllter tfedge Spectrometer2 (FWS), whlch

covers the wavetength range of 400-2400 rìm. The Fl{S utlllzes a three

secflon fllter wheel, synchronous mofor drlven and rotatlng at l0 RPM, wlth

I nd lv I dua I rravel ength ranges of 400-700, 700-1 500 and 1300-2400 ñnr

respect¡vely, and a resolvlng power ln range of 50 to 100.

The mechanlcal-optlcal system ls lllustrated ln flgure 6. A calclum

fluorlde lens serves as a system wlndow and lmages the target (l.lhlte Sands)

on the entrance aperture. The rotatlng chopper and fllter wheel are located

ln front of the entrance aperture. The entrance aperture ls lmaged by a

second tens onto the Lead Sulflde detector, whlch ls temperature controlled

at 57oC. The beam chopper system conslsts of a synchronous motor drlven,

black anodlzed, two-bladed chopper wheel, rotatlng at 1200 RPM to produce a

400 Hz slgnal, and a photo dlode system to provlde electronlc synchronous

demodulatlon. A second photo dlode system monltors the posltlon of the

fl lter wheel ln tlme.

The chopped output slgnal of the detector ls fed to the lnput of a

lock-ln ampl lfler, whose output ls then appl led fo both analog chart

recorder and the dlgltal data system (flgure 7).

Galn as a functlon of rvavelength curves for the FWS and 1/4 neter

spectrometer are shown ln flgures 8 and 9, respectively.

Callbratlon

The Fl.lS wavelength callbratlon for the December 1980 fllght ls based

solely on a technlque establ lshed by F. Blalne of Goddard Space Fl lght

*Fabrlcated at
NASA Goddard Space Fl lghf Center
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Center uslng the emlsslon llnes of gaseous dlscharge tubes. The 1/4 meter

spectrometer wavelength cal I bratlon for the December 1980 f I lght was

accompllshed wlth an lncandescent lamp and a serles of lnferference fllters.

For all fllghts after December 1980, the 1/4 neter spectrometer and Fllter

lrledge Spectrometer Ylere cal lbrated for wavelength In the laboratory uslng

the emlsslon llnes of gaseous dlscharge lamps.

Laboratory radlance callbratlons rrere performed for all fllght

lnstruments uslng a 50-lnch dlameter lnfegratlng sphere .or.""3 lnternal ly

coated wlth BaS04 whlte. The sphere source lnfegrlty ls malntalned by

regular callbratlon wlth a source traceable to the Natlonal Bureau of

Standards. Figure 10 shows the radlance versus wavelength characterlstlcs

of the sphere. ln-fl lght alrcraft lnstrument radlance cal lbratlon was

accompllshed by uslng two on-board flat dlffuser plates, palnted wlth BaS04

lllumlnated by a slngle 200 watf quartz halogen lamp powered by a constant

current source. These dlffuser plates were moved lnto and out of the

lndlvldual spectrometerfs fleld of vlew by an electrlc motor drlven

mechanlsm. Thls same electro-mechanlcal system provlded for beam blocklng

to provlde a zero reference. Regular vlewlng of these plates by the

lnstruments durlng hlgh altltude data runs produced lnformatlon concernlng

the performance stabll lty of the spectrometers ln fl lght.

Addlflonal radlance cal lbratlon for both lnstruments was performed

uslng a portable target, external to the alrcraft, placed dlrectly under

either of the two alrcraft pod quartz w lndows. This external target

conslsted of a flat BaS04 dlffuser plate lllumlnated by a 1000 watt quartz

halogen lamp powered by a constant current sourco. Cal lbratlons wlth thls

source were performed lmmedlately before and after each dally fllght, whlch

monltored any changes ln the transmlsslon of the quartz wlndow due to

accumulated dlrt f I lms.
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1980-81 Elecfronlc and Dafa Recordlng System

The 1980-81 fllght ser'les used the 1/4 neter spectromefer and the

Filter Wedge Spectrometer (FWS) as dafa sources. Figure ll ls a general

data flow chart for the system. Data was converted to a dlgltal format and

stored on cassette tapes by an HP 9825 calculator/computer. A crystal-
control led clock tlmed the data acqulsltlon. lnformatlon ulas recorded every

40 mll I lseconds durlng a fl lght leg or trrun.tr Spectrometer analog output

was dlgltlzed by a l2 bl+ A/D converter and stored wlth marker lnformatlon

that allowed calculatlon of the geographlcal posltlon of the spectrometer

surface footprlnt wlth respect to thelr scan perlods. As a back-up, a 2-

channel chart recorder utas also flown whlch recorded the anatog outputs of

the spectrometers. The computer also lngesfed lnertlal Navlgaflon System

(lNS) data from the Lear Jet and stored lt at the beglnnfng and end of each

run. Thls lncluded data such as latltude, longltude, track angle and

dlstance to go. Alrcraft attltude data, pltch, roll and yaw (pRy) was also

recorded and stored on cassetfe tapes.

Operatlonal ly, the HP 9825 governed the entlre data gafherlng seguence.

Numerous optlons were aval lable to the operator, but computer programs

determlned the order and format of the actual data storage once a particular

mode of operatlon had been chosen. The data word format, data tlmlng, and

data tape formal are shown ln Figures lr 2 and J, respectlvely.

The fol low lng paragraphs pertaln to the lndlvlduat electronlc unlts ln

more detal l:

Analog-Dlgltal Board

Thls board ls control led by the HP 9825 computer. The computer output

del lvers the address for the analog multlplexer Ø for FwS, 1 for 1/4

me+er). Then lt sends a pulse to start the A/D converslon (12 dlgltal

¿j



offset blnary blts). After the converslon ls complete, the data ls saved ln

a 16 blt latch to be read ouf later by the conputer.

lnertlal Navlgaflon System Board

The alrcraft lnertlal Navlgatlon System (lNS) provldes a contlnuous

stream of real tlme lnformaflon on the alrcraft atfltude (pltch, roll, yaw)

and longltude-latltude locatlon. The INS board clrcultry prov ldes for a

regular lnterval samPl lng of the INS lnformatlon. Thls lnformaflon ls
placed on the sclentlflc data tape ln the header of each spectral scan.

From thls, fhe ground locatlon of the spectral scan can be calculated.

Power Supply Board

The prlmary pouler source for thls board ls 115Y 60Hz from the alrcraft
converter, whlch ls then converted to + 5V DC and * 15V DC for use ln at I

other electronlcs boards. All lnsfrument grounds are physlcal ly connected

on fhls board to allow for a slngle polnt alrcraft groundlng scheme.

1982 lnsfrument Descrlpflon

Thls fllght serles was made ln support of the vlcarlous callbratlon of

the vlslble channels of the VISSR and AVHRR satel I lte lnstruments of the

GOES and NOAA spacecraff, respectlvely. The requlrement for alignment of

fhe alrcraft lnstrument optlcal axls wlth the varlable locatlon of the polar

orbltlng satel I ltes ln the sky led to the destgn of a smal ler instrument

mounted ln a cradle wlth varlable elevatlon and aztmuth posltlonlng. The

elevatlon and azlmuth ls motor drlven. The lnstrument ls mounted so fhat

theoptlcal beam passes through the center of the alrcraft quartz wlndow

plate for all angles of elevatlon and azlmuth. Thls requlrement

necessltated a redeslgn of the quartz wlndow alrcraft plate to the cone-

shaped conflguratlon shown ln flgure 12.

The lnstrument ls an 1/8 meter focal length, t5, zero dlsperslon,

double monochromalor (flgure 13). A slllcon detector ls placed at the exlt
7
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l slit. The gratlng used ln the lnstrument ls a 600 groove/mm, blazed at 500

nm. A cam-slne bar mechanlsm, drlven by a stepper motor, ls used to scan

the gra¡ng every 5.08 seconds through fhe wavelength range of 480-1050 nm.

A photo dlode sysfem on the cam shaft provldes tlmlng slgnals for data

recordlng synchronlzatlon. A blocklng fllter ls located ln front of the

detector to absorb al I lncldent radlatlon below 475 nm. The double

monochromator system employs three sl lts. The entrance and lntermedlate

sllts are each 1/4 mm wlde and the exlt sllt ls 1 mm ln wldth. The

resolvlng power of the lnstrument at 700 nm ls 100. The wavelength range of

the lnstrumenf lncludes more than one order. Durlng the gratlng scan, lt ls

necessary to lnsert and remove an additlonal blocklng fllter ln front of the

detector to absorb al I radlatlon below 645 nm. The actlvatlng devlce for

thls f llter ls a two posltlon, 28 volt D.C. rotatlng solenold. llhen the

gratlng scan reaches 780 nm, the gratlng drlve stepper ls halted, the order

fllter ls lnserted ln the beam by the solenold and the stepper restarted,

all wlthln.055 seconds. The order fllter is removed from The beam durlng

the cam retrace perlod of 0.71 seconds. There ls a smal I loss of ground

scan data durlng the.035 second halt of the gratlng drlve. At an average

alrcraft ground speed of 0,2 km/second, there ls a.007 km ground dafa loss

durlng order fllter insertlon and a .142 km loss durlng scan retrace.

A foreoptlcs lens system adJusts the alrcraft lnstrument fleld of vlew

to a I km wlde Earth surface swath, equal to that of the satelllte

lnsfruments. A quartz wedge de-polarlzer ldentlcal to the one used ln the

previous 1/4 neter lnstrument ls mounted ln the foreoptlcs lens assernbly.

The relatlve radlance lnternal callbratlon source ls a 2 lnch dlameter

lntegratlng sphere, palnted whlte wlfh BaS04 and Illumlnated by a 10 watt

lamp powered by a voltage regulated source. Thls sphere ls a part of the



lnstrumenf foreoptlcs turret assembly, mounted on a rotating wheel and ls

drlven by a 27Y D.C. motor. Thls turret assembly rotates elther the

cal lbratlon sphere, the zero reference, or an open aperture, lnto the

lnstrument beam. Addltlonal cal lbratlon ls performed uslng a portable

source external to the alrcraff, placed under the quartz wlndow. Thls

source ls a 12 lnch dlameter, whlte palnfed lnfegratlng sphere I I I umlnated

by three 50 watt lamps powered by a constant currênf source. Callbratlons

wtth the external source are performed lmmedlately before and afler each

dally fllght, and serve to monltor any changes ln the quartz wlndow.

Flgure 14 shows the 1/8 meter spectrometer cyllnder, mounted ln lfs

elevatlon and azlmuth rotatlon cradle, lnstal led ln the Lear pod dlrectly

over the cone pod plate (flgure 12).

1982 Electronlc and Data Recordlng System

The electronlc lnstrumentatlon system mounted ln the Lear Jet for thls

f llght serles rvas essentlally the same as the 1980-81 conf lguratlon

(f lgure 5) except that the Fl,lS elecfronlc unlts were not lncluded. New

software tvas generated to control the operatlon of the 1/8 meter spectrom-

eter, lts elevatlon and azlmuth posltlon, the rotation of fhe foreoptlcs

tumet assembly and the solenold for order f llter lnsertlon. A new control

panel was also fabrlcated.

The data recordlng system was the same as that used ln the 1980-81

fl lght serles and has been described.

1983 lnstrument Descrlptlon

The May 1985 fllght serles was ln support of the vlcarlous callbratlon

of vlslble channels 1 and 2 of the Coastal Zone Color Scanner (CZCS) on

board the Nimbus-7 satel I lte. Fl lght were made over ocean water off the

eastern U.S. coast. The lnstrument and alrcraft lnterface were the same as

that used for the 1982 White Sands mlsslon wlth the exception of the



yavêlength range. A ne¡r tvavelengfh cam was lnstalled ln the 1/8 meter

spectrometer to cover the range from 400-800 nm. The second order f I I ter

lnsertlon feafure was dlsconnected, produclng a contlnuous grafing scan of

5.79 seconds duraflon, whlch lncludes the 0.71 second retrace. No external

alrcraft cal lbratlon source tvas used for thls fl lght serles.
The spectromefer was lnstalled ln the alrcraff ln the same manner as the
prevlous fl lghts of 1982 (flgure l4).

1983 Electronlc and Data Recordlng System

The lnstrumentatlon, elecfronlc and data recordtng system of thts
fllght serles was ldentlcal to that of the lg82 tllght serles (flgure J).

10
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Figure i"--Photo of FWS and 1/4 l4eter Spectrometer Mounted in the Lear Cradle.
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Figure l4.--Photo of 1/8 Meter Spectrometer in the Lear.



Table l.--Data Word Format

16 Bit Data Word Format
I 980-g 1

12

7

RFXM
15 14 13 12

B¡r Â/D+
6 5 4 3 2 

' 
ol

Where:

11 10 I I

meter tick mark present

tick mark present

address (t = 114 meter, Q = FWS)

16 B¡t Data Word Format
1 98 2-83

R

F

X

M

=a1
=a1
= not

= A/D

if 1t4
¡f Fws
used
output

RMMM
15 14 13 12

-¡2 

Ë¡î

'11 10 9 I T 6

Â rh 
-l

5 4 3 2 1 ol

Where:

R

M

a 1 if 118 meter tick
AID output address

mark present

(t = 118 meter)
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Convert A/D Pulses

INS Read Time

16o pS

Start/Convert

INS Enable

A/D Enable

Table 2.--Data Timing Formaf

Data Timing Diagram

Data Timing Diagram
1 98 2-83

4 Ms-i
I
I
I

INS read time

1 980-8 1

l--40 "t1_

4 Ms l.-

I Ms-+l
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Table 3.--Tape Format
(Track I and Track I ldenticat )

File

p

1

2

3

4

5

6

7

I
9

l0

It

t2

l3

l4

l5

16

"t7

t8

t
File

2
Fil e

I
PGM

2
KEYS

IDENT

CAL I

CAL 2

CAL 3

CAL 4

HDR 
.|

RSI I

Ft^lS t

PRY T

CAL 5

CAL 6

HDR 2

RSI 2

F}lS 2

PRY 2

CAL 7

CAL 8

Size (Bytes)

. I 5,000

300

24

4,.l oB

4,1 09

4,1 0g

4,1 0g

686

I 2,009

1 2,009

I 8,009

4,I08

4,1 09

686

I 2,009

I 2,009

I g,008

4,109

4,109

I33,632 BYTES PER TRACK

p

1

contains the program

contains subroutines
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APPENDIX A

NASA LEAR JET

AIRBORNT RESEARCH LABORATORY

I ntroduction

The National Aeronautics and Space Administration operates a Model 25

Lear Jet for approved research projects. The Model 25 Lear Jet is an eight

passenger aìrcraft with a nominal operating range of 1200 nautical miles.

The aircraft is certified to an altitude of 45,000 feet; however, under

certain cÍrcumstances higher altitudes can be obtained.

The aircraft is based at the Lewis Research Center (LeRC), Cleve'land,

ghio, which Ís located adjacent to the Cleveland Hopkins Airport. It is

preferable to operate the Lear out of the Lewis facility. However, if the

research requirements so dictate, the aircraft can be deployed to aìrports

with a minimum runway length of 6,000 feet. Remote operations must be

approved by the Lewis Aircraft Operations 0ffice"

Basic Aircraft Descri Ption

The Lear Jet Model 25 (figure 1) is an eight-passenger high-performance

aircraft powered by two General Electric CJ-610-6 jet engines delivering a

maximum thrust of 2950 pounds each. The engines are equipped with thrust

reversers and the aircraft has provisions for a drag chute" The aircraft

is of all meta'l construction and is characterized by its T-shaped empennage

and permanently mounted wing-tip fuel tanks.

The Lear Jet instrument door pod (figure 2), a temporary device' vras

ínstalled on the port side for the NOAA l^lhite Sands flights of 1980- A

permanent instrument pod (figure 3) was installed on the starboard sìde by

NASA in l98l and is cunrently stil1 in use.
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14 ft.
I in.

45 ft.

7 in.

Figure 14.--Lear Jet I I lustration.
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Fîgure 24.--Lear Temporary Door Pod.
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NoAA Sclonco Contet
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3 2237 IOOO 5654 I

NOAA SCIENTIFIC AND TBCHNICAL PUBLICATIONS

Tltr Natiottal Oce.anic and. Atmospheric Admùústt'aÚior¿ was established as part of the Department of

commerce on oct0ber 3, 19?0.'fhe mission responsibilities of NOAA are to assess the socioeconomic impact

of natural and technol.gicar changes in ir," unui"onment ancr to monitor and predict the state of the solid

Earth, t.he oceans and their living l...ou..o", the atm<lsphere' ancl the space environment of the lì¿rrth'

The major components of NoAA regularly produce various types of scientifrc and technical informa-

tion in the following kinds of publications:

PROFESSIONAL PAPERs-Important defini-

liu..u..u..h results, major techniques, and special

investigations.

CONTRACT AND GRANT RBPORTS-Reports
preparecl by contractors or grantees under NOAA

sponsorshiP.

ATLAS-Presentation of analyzecl data generally

in the folm of maps showing distribution of rain-

iufi..f't.*i.al and physical conditions of oceans and

"i-o.pt,.t., 
distribution of fishes and marine

mammals, ionospheric conditions, etc'

lnîo¡mation on availabltity ol N'AA pubticatlons can be obtained l¡om:

PUBLICATION SERVICES BRANCH (E/4113)

NATIONAL ENVIRONMENTAL SATELLITE, DATA, AND_¡NFORMATION SERVICE

NATIoNALocEAN¡cANDATMosPHERIcADMINISTRATIoN
U.S. DEPARTMENT OF COMMERCE

TECHNICAL SBRVICE PUBLICATIONS_RC.
ports containing data, observations, instructions'
àt.. e partial listing includes data serials; predic-

tion and outlook periodicals; technical manuals'

training papet's, pìanning reports, and information
serials; and miscellaneous technical publications'

TECHNICAL REPORTS-Journal qualitv with
extensive details, mathematical developments, or

data listings.

TECHNICAL MBMORANDUMS-Reports of

preliminary, partial, or negative research or tech-

notogy t.tutt., interim instructions, and the like'

Washlnglon, DC 20235

NOAA--S/T 84-164


